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THIN FILM TRANSISTOR SUBSTRATE,
DISPLAY DEVICE HAVING THE SAME AND
METHOD OF MANUFACTURING THE SAME

This application is a divisional application of U.S. appli-
cation Ser. No. 14/156,624 filed Jan. 16, 2014, which claims
priority to Korean Patent Application No. 10-2013-0090563,
filed on Jul. 31, 2013, and all the benefits accruing therefrom
under 35 U.S.C. §119, the contents of which in its entirety
is herein incorporated by reference.

BACKGROUND

1. Field

Exemplary embodiments of the invention relate to a thin
film transistor substrate, a display device having the same
and a method of manufacturing the same. More particularly,
exemplary embodiments of the invention relate to a thin film
transistor substrate, a display device having the same and a
method of manufacturing the same capable of improving
reliability of a switching element.

2. Description of the Related Art

An organic light emitting display (“OLED”) element may
include a layer of organic materials between two electrodes,
that is, an anode and a cathode. Positive holes from the
anode may be coupled with electrons from the cathode, in
the organic layer between the anode and the cathode, to emit
light. The OLED element may have a variety of advantages
such as a wide viewing angle, a rapid response rate, rela-
tively thin thickness and low power consumption.

An OLED device may include a switching element to
control the OLED element. For example, the switching
element may include a thin film transistor. The thin film
transistor may include a gate electrode, a source electrode,
a drain electrode and a channel layer.

Technologies have been developed for a display device to
have a high resolution. In order to implement such a high
resolution, the display device may include switching ele-
ments having very small sizes.

However, when the size of the thin film transistor is overly
small, dispersion of electrical characteristics of the thin film
transistor may increase due to very short channel length of
the thin film transistor.

Also, electrons may be transported through the very short
channel layer to generate a hot carrier phenomenon, when a
drain voltage is applied to the drain electrode while the gate
electrode is turned off.

SUMMARY

One or more exemplary embodiment of the invention
provides a thin film transistor substrate, a display device
having the same, and a method of manufacturing the same,
capable of improving dispersion of electrical characteristics
of'a thin film transistor having a very short channel layer and
capable of reducing a hot carrier.

In an exemplary embodiment of a thin film transistor
substrate according to the invention, the thin film transistor
substrate includes a semiconductor pattern disposed on a
base substrate, a first insulation member disposed on the
semiconductor pattern, a second insulation pattern disposed
on the first insulation member, and a gate electrode disposed
on the first insulation member and the second insulation
pattern. The second insulation pattern overlaps a first end
portion of the semiconductor pattern. The gate electrode
overlaps both the first insulation member and the second
insulation pattern.
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In an exemplary embodiment, the first insulation member
may include a material having a dielectric constant greater
than about 10.

In an exemplary embodiment, the first insulation member
may include at least one of zirconium oxide, hafnium oxide,
titanium oxide and aluminum oxide.

In an exemplary embodiment, a boundary of the first
insulation member may substantially coincide with a bound-
ary of the semiconductor pattern.

In an exemplary embodiment, the first insulation member
may cover substantially an entirety of the base substrate.

In an exemplary embodiment, a boundary of a first end
portion of the second insulation pattern may coincide with a
boundary of the first end portion of the semiconductor
pattern.

In an exemplary embodiment, the second insulation pat-
tern may include silicon oxide or silicon nitride.

In an exemplary embodiment, the thin film transistor
substrate may further include an inorganic insulation layer
covering the gate electrode, a drain electrode disposed on the
inorganic insulation layer and a source electrode disposed on
the inorganic insulation layer. The drain electrode may
overlap the first end portion of the semiconductor pattern.
The source electrode may overlap a second end portion of
the semiconductor pattern.

In an exemplary embodiment, the drain electrode may be
electrically connected to the semiconductor pattern through
a first contact hole penetrating the inorganic insulation layer,
the second insulation pattern and the first insulation member,
and the source electrode may be electrically connected to the
semiconductor pattern through a second contact hole pen-
etrating the inorganic insulation layer and the first insulation
member.

In an exemplary embodiment, a depth of the first contact
hole may be substantially greater than a depth of the second
contact hole.

In an exemplary embodiment of a display device accord-
ing to the invention, the display device includes a thin film
transistor substrate and an organic light emitting structure
disposed on the thin film transistor substrate. The thin film
transistor substrate includes a semiconductor pattern dis-
posed on a base substrate, a first insulation member disposed
on the semiconductor pattern, a second insulation member
disposed on the first insulation member, and a gate electrode
disposed on the first insulation member and the second
insulation pattern. The second insulation member overlaps a
first end portion of the semiconductor pattern. The gate
electrode overlaps both the first insulation member and the
second insulation pattern. The organic light emitting struc-
ture includes a pair of electrodes facing each other and an
organic light emitting layer disposed between the pair of
electrodes.

In an exemplary embodiment, the first insulation member
may include a material having a dielectric constant greater
than about 10.

In an exemplary embodiment, a boundary of the first
insulation member may substantially coincide with a bound-
ary of the semiconductor pattern.

In an exemplary embodiment, a boundary of a first end
portion of the second insulation pattern may coincide with a
boundary of the first end portion of the semiconductor
pattern.

In an exemplary embodiment, the thin film transistor
substrate may further include an inorganic insulation layer
covering the gate electrode, a drain electrode disposed on the
inorganic insulation layer and a source electrode disposed on
the inorganic insulation layer. The drain electrode may
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overlap the first end portion of the semiconductor pattern.
The source electrode may overlap the second end portion of
the semiconductor pattern.

In an exemplary embodiment, the drain electrode may be
electrically connected to the semiconductor pattern through
a first contact hole penetrating the inorganic insulation layer,
the second insulation pattern and the first insulation member,
and the source electrode may be electrically connected to the
semiconductor pattern through a second contact hole pen-
etrating the inorganic insulation layer and the first insulation
member.

In an exemplary embodiment, a depth of the first contact
hole may be substantially greater than a depth of the second
contact hole.

In an exemplary embodiment of a method of manufac-
turing a thin film transistor substrate according to the
invention, a semiconductor layer, a first insulation layer and
a second insulation layer are sequentially formed on a base
substrate. A first photoresist pattern is formed on the second
insulation layer. The first photoresist pattern has a first
thickness portion, and a second thickness portion thinner
than the first thickness portion. Exposed portions of the
second insulation layer, the first insulation layer and the
semiconductor layer are removed using the first photoresist
pattern as a mask to form an intermediate insulation pattern,
a first insulation pattern and a semiconductor pattern,
respectively. An entirety of the first photoresist pattern is
reduced by a thickness of the second thickness portion, to
form a second photoresist pattern having a third thickness
expose a portion of the intermediate insulation pattern. The
exposed portion of the intermediate insulation pattern is
removed using the second photoresist pattern as a mask to
form a second insulation pattern from the intermediate
insulation pattern. A gate electrode is formed on the first
insulation pattern and the second insulation pattern. The gate
electrode overlaps both the first insulation pattern and the
second insulation pattern.

In an exemplary embodiment, the first insulation pattern
may include a material having a dielectric constant greater
than about 10.

In an exemplary embodiment, an inorganic insulation
layer may be further formed on the base substrate on which
the gate electrode is formed. A first contact hole partially
exposing a first end portion of the semiconductor pattern and
a second contact hole partially exposing a second end
portion of the semiconductor pattern may be further formed.
The first contact hole may penetrate the inorganic insulation
layer, the second insulation pattern and the first insulation
pattern. The second contact hole may penetrate the inorganic
insulation layer and the first insulation pattern. A drain
electrode and a source electrode may be further formed. The
drain electrode may be electrically connected to the first end
portion of the semiconductor pattern through the first contact
hole. The source electrode may be electrically connected to
the second end portion of the semiconductor pattern through
the second contact hole.

According to one or more exemplary embodiment of the
thin film transistor substrate, the display device having the
same, and the method of manufacturing the same, the gate
insulation layer between the semiconductor pattern and the
gate electrode of the thin film transistor may have a rela-
tively high dielectric constant, thereby improving dispersion
of electrical characteristics of the thin film transistor.

Also, the drain region insulation pattern may be disposed
between the gate insulation layer and the gate electrode, and
the first contact hole in the drain region may be deeper than
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the second contact hole in the source region, thereby reduc-
ing a hot carrier through the short channel layer.

Furthermore, the drain region insulation pattern may be
formed by the photoresist pattern using the half-toned mask,
thereby reducing manufacturing cost of the thin film tran-
sistor substrate due to an additional mask.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

FIG. 1 is a cross-sectional view illustrating an exemplary
embodiment of a display device in accordance with the
invention;

FIGS. 2A to 2L are cross-sectional views illustrating an
exemplary embodiment of a method of manufacturing the
display device of FIG. 1;

FIG. 3 is a cross-sectional view illustrating another exem-
plary embodiment of a display device in accordance with the
invention; and

FIGS. 4A to 4H are cross-sectional views illustrating an
exemplary embodiment of a method of manufacturing the
display device of FIG. 3.

DETAILED DESCRIPTION

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element
or layer, the element or layer can be directly on or connected
to another element or layer or intervening elements or layers.
In contrast, when an element is referred to as being “directly
on” or “directly connected to” another element or layer,
there are no intervening elements or layers present. As used
herein, connected may refer to elements being physically
and/or electrically connected to each other. Like numbers
refer to like elements throughout. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

It will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus,
a first element, component, region, layer or section dis-
cussed below could be termed a second element, component,
region, layer or section without departing from the teachings
of the invention.

Spatially relative terms, such as “lower,” “upper” and the
like, may be used herein for ease of description to describe
the relationship of one element or feature to another element
(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned
over, elements described as “lower” relative to other ele-
ments or features would then be oriented “upper” relative to
the other elements or features. Thus, the exemplary term
“lower” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

29
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes” and/or “including,” when used in this
specification, specify the presence of stated features, inte-
gers, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

Embodiments of the invention are described herein with
reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing.

“About” or “approximately” as used herein is inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.

All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention as used herein.

Hereinafter, exemplary embodiments of the invention will
be described in further detail with reference to the accom-
panying drawings.

FIG. 1 is a cross-sectional view illustrating an exemplary
embodiment of a display device in accordance with the
invention.

Referring to FIG. 1, a display device includes a thin film
transistor substrate 200, and an organic light emitting struc-
ture 190 disposed on the thin film transistor substrate 200.

The thin film transistor substrate 200 may include a base
substrate 100, a thin film transistor 170 disposed on the base
substrate 100 and an organic insulation layer 175 disposed
on the thin film transistor 170. The thin film transistor 170
may include a semiconductor pattern 110, a first insulation
pattern 120, a second insulation pattern 130, a gate electrode
140, an inorganic insulation layer 150, a source electrode
161 and a drain electrode 163.
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The base substrate 100 may include a transparent insula-
tion material. In one exemplary embodiment, for example,
the base substrate 100 may include glass, quartz, plastic,
polyethylene terephthalate resin, polyethylene resin, poly-
carbonate resin, etc. Also, the base substrate 100 may
include a flexible material.

The semiconductor pattern 110 may be disposed on the
base substrate 100. The semiconductor pattern 110 may
include a silicon material. In one exemplary embodiment,
for example, the semiconductor pattern 110 may include
amorphous silicon, polycrystalline silicon, etc.

The first insulation pattern 120 may be disposed on the
semiconductor pattern 110. The first insulation pattern 120
may entirely overlap the semiconductor pattern 110. In one
exemplary embodiment, for example, a boundary of the first
insulation pattern 120 may substantially coincide with a
boundary of the semiconductor pattern 110. The first insu-
lation pattern 120 may include a material having a high
dielectric constant. In one exemplary embodiment, for
example, the first insulation pattern 120 may include a
material having a dielectric constant between about 10 and
about 100. In one exemplary embodiment, for example, the
first insulation pattern 120 may include zirconium oxide
(Zr02), hafnium oxide (HfO2), titanium oxide (TiO2), alu-
minum oxide (Al1203), etc.

The first insulation pattern 120 may have a single layer
structure or a multiple layer structure. In one exemplary
embodiment, for example, the first insulation pattern 120
may include at least one layer having the high dielectric
constant. Alternatively, the first insulation pattern 120 may
include a plurality of layers, including a first layer having the
high dielectric constant, and a second layer having silicon
oxide (SiOx), silicon nitride (SiNx), etc. and stacked on the
first layer.

As mentioned above, the first insulation pattern 120
having a relatively high dielectric constant may be disposed
on the semiconductor pattern 110, thereby improving dis-
persion of electrical characteristics of the thin film transistor
170 including the semiconductor pattern 110. In one exem-
plary embodiment, for example, a threshold voltage of a
metal oxide silicon field effect transistor (“MOSFET”) may
have a relationship with a capacitance of an insulation layer
in the MOSFET as Equation 1,

Equation 1
Vr oo —,
Cox

wherein V. represents a threshold voltage of a transistor,
and C_, represents a capacitance of an insulation layer
between a channel layer and a gate electrode of the transis-
tor. Since the capacitance is proportional to a dielectric
constant of the insulation layer, the threshold voltage of the
transistor may decrease to improve dispersion of electrical
characteristics of the transistor when the insulation layer in
the transistor has a high dielectric constant.

The second insulation pattern 130 may be disposed on the
first insulation pattern 120. The second insulation pattern
130 may overlap a first end portion of the first insulation
pattern 120. In one exemplary embodiment, for example, a
boundary of a first end portion of the second insulation
pattern 130 may substantially coincide with a boundary of
the first end portion of the first insulation pattern 120. The
second insulation pattern 130 may include an inorganic
insulation material. In one exemplary embodiment, for
example, the second insulation pattern 130 may include
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silicon oxide (SiOx), silicon nitride (SiNx), etc. In an
exemplary embodiment, for example, the second insulation
pattern 130 may include silicon oxynitride (SiON).

The gate electrode 140 may be disposed on the first
insulation pattern 120 and the second insulation pattern 130.
A first portion of the gate electrode 140 may overlap the first
insulation pattern 120, and a second portion of the gate
electrode 140 may overlap both the first insulation pattern
120 and the second insulation pattern 130. A gate line (not
illustrated in the figure) may be physically and/or electri-
cally connected to the gate electrode 140, and a gate on/off
signal may be applied to the gate electrode 140 through the
gate line. In one exemplary embodiment, for example, the
gate electrode 140 and the gate line may form a single,
unitary, indivisible member, so as to be integrally formed
with each other.

The inorganic insulation layer 150 may be disposed on the
base substrate 100 on which the gate eclectrode 140 is
disposed. The inorganic insulation layer 150 may cover the
gate electrode 140. The inorganic insulation layer 150 may
include, for example, silicon oxide (SiOx), silicon nitride
(SiNx), etc.

A second contact hole CNT2 may be defined in the
inorganic insulation layer 150 and the first insulation pattern
120. The source electrode 161 may be electrically connected
to the semiconductor pattern 110 through the second contact
hole CNT2 (refer to FIG. 2I) penetrating the inorganic
insulation layer 150 and the first insulation pattern 120. A
data signal may be applied to the source electrode 161
through a data line (not illustrated in the figure).

Afirst contact hole CNT1 may be defined in the insulation
layer 150, the second insulation pattern 130 and the first
insulation pattern 120. The drain electrode 163 may be
electrically connected to the semiconductor pattern 110
through the first contact hole CNT1 (refer to FIG. 2I)
penetrating the inorganic insulation layer 150, the second
insulation pattern 130 and the first insulation pattern 120.
The drain electrode 163 may include, for example, the same
material as the source electrode 161. In the illustrated
exemplary embodiment, a depth of the first contact hole
CNT1 taken in the cross-sectional direction may be larger
than a depth of the second contact hole CNT2 in the
cross-sectional direction. The depths make be taken from a
common surface, such as an upper surface of the semicon-
ductor pattern 110.

As mentioned above, the second insulation pattern 130
may be disposed in a drain region of the thin film transistor
170, and the first contact hole CNT1 in the drain region may
be deeper than the second contact hole CNT2 in the source
region, thereby reducing a hot carrier through a short chan-
nel layer. Accordingly, reliability of the thin film transistor
170 may increase.

The organic insulation layer 175 may be disposed on the
base substrate 100 on which the source electrode 161 and the
drain electrode 163 are disposed. The organic insulation
layer 175 may cover the source electrode 161 and the drain
electrode 163. The organic insulation layer 175 may have a
substantially flat surface.

The organic light emitting structure 190 may include a
first electrode 181, an intermediate layer 185 and a second
electrode 187. A pixel defining layer 183 may be disposed on
the organic insulation layer 175 on which the first electrode
layer 181 is disposed.

The first electrode 181 may be disposed on the base
substrate 100 on which the organic insulation layer 175 is
disposed. A third contact hole may be defined in the organic
insulation layer 175. The first electrode 181 may be electri-
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cally connected to the drain electrode 163 through the third
contact hole penetrating the organic insulation layer 175.
The first electrode 181 may include, for example, a trans-
parent electrode, a transreflective electrode, etc. In one
exemplary embodiment, for example, the first electrode 181
may include indium zinc oxide (“IZ0”), indium tin oxide
(“ITO”), zinc oxide (ZnOx), tin oxide (SnOx), etc. In the
illustrated exemplary embodiment, the first electrode 181
may be used as an anode to provide the organic light
emitting structure 190 with positive holes.

The pixel defining layer 183 may be disposed on the
organic insulation layer 175 on which the first electrode 181
is disposed. The pixel defining layer 183 may partially
overlap both end portions of the first electrode 181. An
opening may be defined in the pixel defining layer 183 and
exposes the first electrode 181.

The intermediate layer 185 may be disposed on the first
electrode 181 and in the opening of the pixel defining layer
183. The intermediate layer 185 may include a hole injection
layer (“HIL”), a hole transfer layer (“HTL”), an emission
layer (“EML”), an electron transfer layer (“ETL”) and an
electron injection layer (“EIL”), but the invention is not
limited thereto. The first electrode 181 may provide the HIL.
and HTL with the positive holes. The second electrode 187
may provide the ETL and EIL with electrons. The positive
holes and the electrons may be coupled in the EML to
generate light having a desired wavelength. In an exemplary
embodiment, the organic light emitting structure 190 may
include light emitting materials which generate red light,
green light, blue light, etc. Alternatively, the organic light
emitting structure 190 may include a plurality of light
emitting materials which generate different colored light
having a desired wavelength.

The second electrode 187 may be disposed on the inter-
mediate layer 185 and in the opening of the pixel defining
layer 183. The second electrode 187 may also overlap the
pixel defining layer 183, that is, portions of the pixel
defining layer 183 which define the opening therein. The
second electrode 187 may include, for example, the same
material as the first electrode 181. In one exemplary embodi-
ment, for example, the second electrode 187 may 170, ITO,
zinc oxide (ZnOx), tin oxide (SnOx), etc. In the illustrated
exemplary embodiment, the second electrode 187 may be
used as a cathode to provide the organic light emitting
structure 190 with the electrons.

FIGS. 2A to 2L are cross-sectional views illustrating an
exemplary embodiment of a method of manufacturing the
display device of FIG. 1.

Referring to FIG. 2A and FIG. 2B, a semiconductor layer
105 may be formed on a base substrate 100. A first insulation
layer 115 and a second insulation layer 125 may be formed
on the semiconductor layer 105. The semiconductor layer
105 may include a silicon material. In one exemplary
embodiment, for example, the semiconductor layer 105 may
include amorphous silicon, polycrystalline silicon, etc.

The first insulation layer 115 may include a material
having a high dielectric constant. In one exemplary embodi-
ment, for example, the first insulation layer 115 may include
a material having a dielectric constant greater than about 10.
In an exemplary embodiment, for example, the first insula-
tion layer 115 may include zirconium oxide (ZrO2), hatnium
oxide (HfO2), titanium oxide (TiO2), aluminum oxide
(A1203), etc. The first insulation layer 115 may have a single
layer structure or a multiple layer structure. In one exem-
plary embodiment, for example, the first insulation layer 115
may include at least one layer having the high dielectric
constant. Alternatively, the first insulation layer 115 may
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include a plurality of layers including a first layer including
the high dielectric constant, and a second layer including
silicon oxide (Si0x), silicon nitride (SiNx), etc. and stacked
on the first layer.

The second insulation layer 125 may include an inorganic
material. In one exemplary embodiment, for example, the
second insulation layer 125 may include silicon oxide
(8i0x), silicon nitride (SiNx), etc. In one exemplary
embodiment, for example, the second insulation layer 125
may include silicon oxynitride (SiON).

Referring to FIG. 2C, a first photoresist pattern 107
having a first thickness portion 108 and a second thickness
portion 109 may be formed on the second insulation layer
125. A thickness T1 of the first thickness portion 108 may be
substantially greater than a thickness T2 of the second
thickness portion 109. The first photoresist pattern 107 may
include, for example, a positive-type photoresist material of
which a portion illuminated by a light is removed by a
developer and of which a portion non-illuminated by the
light remains on the second insulation layer 125. Alterna-
tively, the first photoresist pattern 107 may include, for
example, a negative-type photoresist material of which a
portion non-illuminated the light is removed by the devel-
oper and of which a portion illuminated by the light remains
on the second insulation layer 125.

Referring to FIG. 2D, exposed portions of the second
insulation layer 125, the first insulation layer 115 and the
semiconductor layer 105 may be removed using the first
photoresist pattern 107 as a mask. The exposed portion of
the second insulation layer 125 may be removed to form an
intermediate insulation pattern 127. The exposed portion of
the first insulation layer 115 may be removed to form a first
insulation pattern 120. The exposed portion of the semicon-
ductor layer 105 may be removed to form a semiconductor
pattern 110. A boundary of the first insulation pattern 120
may substantially coincide with a boundary of the semicon-
ductor pattern 110.

Referring to FIG. 2E, the first photoresist pattern 107 may
be reduced over an entirety thereof by the thickness T2 of the
second thickness portion 109. Accordingly, a second pho-
toresist pattern 117 having a third thickness T3 less than both
the first and second thicknesses T1 and T2, may be formed
on the intermediate insulation pattern 127. In forming the
second photoresist pattern 117, a portion of the intermediate
insulation pattern 127 is exposed.

Referring to FIG. 2F, the portion of the intermediate
insulation pattern 127 exposed by the second photoresist
pattern 117 may be removed using the second photoresist
pattern 117 as a mask. The exposed portion of the interme-
diate insulation pattern 127 may be removed to form a
second insulation pattern 130. A boundary of a first end
portion of the second insulation pattern 130 may substan-
tially coincide with a boundary of a first end portion of the
first insulation pattern 120. Also, the boundary of the first
end portion of the second insulation pattern 130 may sub-
stantially coincide with a boundary of a first end portion of
the semiconductor pattern 110.

Referring to FIG. 2G, the second photoresist pattern 117
is removed, and a gate electrode 140 is formed on the first
insulation pattern 120 and the second insulation pattern 130.
A first portion of the gate electrode 140 may overlap the first
insulation pattern 120. A second portion of the gate electrode
140 may overlap both the first insulation pattern 120 and the
second insulation pattern 130.

Referring to FIG. 2H, an inorganic insulation layer 150
may be formed on the base substrate 100 including the gate
electrode 140 thereon. The inorganic insulation layer 150
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may entirely cover the first insulation pattern 120, the
second insulation pattern 130 and the gate electrode 140.
The inorganic insulation layer 150 may include, for
example, silicon oxide (SiOx), silicon nitride (SiNx), etc.

Referring to FIG. 2I and FIG. 2], a first contact hole
CNT1 and a second contact hole CNT2 each penetrating the
inorganic insulation layer 150, the second insulation pattern
130 and/or the first insulation pattern 120 are formed. A
drain electrode 163 and a source electrode 161 may be
electrically connected to the semiconductor pattern 110
through the first contact hole CNT1 and the second contact
hole CNT2, respectively. An organic insulation layer 175
may be formed on the base substrate 100 including the
source electrode 161 and the drain electrode 163 thereon.
The drain electrode 163 may be electrically connected to a
first end portion of the semiconductor pattern 110 through
the first contact hole CNT1 which penetrates the inorganic
insulation layer 150, the second insulation pattern 130 and
the first insulation pattern 120. The source electrode 161
may be electrically connected to a second end portion of the
semiconductor pattern 110 through the second contact hole
CNT2 which penetrates the inorganic insulation layer 150
and the first insulation pattern 120. A depth of the first
contact hole CNT1 may be substantially greater than a depth
of the second contact hole CNT2.

Referring to FIG. 2K, a third contact hole partially
exposing the drain electrode 163 may be formed in the
organic insulation layer 175, and a first electrode 181 may be
formed in the third contact hole to contact an exposed
portion of the drain electrode 163. The first electrode 181
may include, for example, [ZO, ITO, zinc oxide (ZnOx), tin
oxide (SnOx), etc.

Referring to FIG. 2L, a pixel defining layer 183, an
intermediate layer 185 and a second electrode 187 may be
formed on the base substrate 100 including the first electrode
181 thereon. The intermediate layer 185 may include a HIL,
a HTL, an EML, an ETL and an EIL. The second electrode
187 may include, for example, the same material as the first
electrode 181.

As mentioned above, according to the illustrated exem-
plary embodiment of the thin film transistor substrate, the
display device having the same and the method of manu-
facturing the same, the first insulation pattern 120 having a
relatively high dielectric constant may be disposed on the
semiconductor pattern 110, thereby improving dispersion of
electrical characteristics of the thin film transistor 170
including the semiconductor pattern 110.

Also, the second insulation pattern 130 may be disposed
in a drain region of the thin film transistor 170, and the first
contact hole CNT1 in the drain region may be deeper than
the second contact hole CNT2 in a source region, thereby
reducing a hot carrier due to a short channel layer. Accord-
ingly, reliability of the thin film transistor 170 may be
improved.

Furthermore, the second insulation pattern 130 may be
formed by a photoresist pattern using a half-toned mask,
thereby reducing manufacturing cost of the thin film tran-
sistor substrate 200 due to an additional mask.

FIG. 3 is a cross-sectional view illustrating another exem-
plary embodiment of a display device in accordance with the
invention.

Referring to FIG. 3, a display device includes a thin film
transistor substrate 200, and an organic light emitting struc-
ture 190 disposed on the thin film transistor substrate 200.
The display device according to the illustrated exemplary
embodiment is substantially the same as the display device
illustrated in FIG. 1 except that a first insulation layer 115 is
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disposed on an entirety of a base substrate 100 on which a
semiconductor pattern 110 is disposed and that a boundary
of a second insulation pattern 130 does not coincide with a
boundary of the semiconductor pattern 110. Hereinafter,
details of the identical elements are briefly described.

The thin film transistor substrate 200 may include a base
substrate 100, a thin film transistor 170 disposed on the base
substrate 100, an organic insulation layer 175 disposed on
the thin film transistor 170. The thin film transistor 170 may
include a semiconductor pattern 110, a first insulation layer
115, a second insulation pattern 130, a gate electrode 140, an
inorganic insulation layer 150, a source electrode 161 and a
drain electrode 163.

The base substrate 100 may include a transparent insula-
tion material. Also, the base substrate 100 may include a
flexible material.

The semiconductor pattern 110 may be disposed on the
base substrate 100. The semiconductor pattern 110 may
include a silicon material. In one exemplary embodiment,
for example, the semiconductor pattern 110 may include
amorphous silicon, polycrystalline silicon, etc.

The first insulation layer 115 may be disposed on an
entirety of the base substrate 100 on which the semiconduc-
tor pattern 110 is disposed. The first insulation layer 115 may
include a material having a high dielectric constant. In one
exemplary embodiment, for example, the first insulation
layer 115 may include a material having a dielectric constant
greater than about 10. In one exemplary embodiment, for
example, the first insulation layer 115 may include zirco-
nium oxide (Zr02), hafhium oxide (HfO2), titanium oxide
(Ti02), aluminum oxide (AI203), etc.

The first insulation layer 115 may have a single layer
structure or a multiple layer structure. In one exemplary
embodiment, for example, the first insulation layer 115 may
include at least one layer having the high dielectric constant.
Alternatively, the first insulation layer 115 may include a
plurality of layers, including a first layer having the high
dielectric constant, and a second layer having silicon oxide
(8i0x), silicon nitride (SiNx), etc. and stacked on the first
layer.

As mentioned above, the first insulation layer 115 having
a relatively high dielectric constant may be disposed on the
semiconductor pattern 110, thereby improving dispersion of
electrical characteristics of the thin film transistor 170
including the semiconductor pattern 110.

The second insulation pattern 130 may be disposed on the
first insulation layer 115. The second insulation pattern 130
may overlap a first end portion of the semiconductor pattern
110. The second insulation pattern 130 may include an
inorganic insulation material. In one exemplary embodi-
ment, for example, the second insulation pattern 130 may
include silicon oxide (SiOx), silicon nitride (SiNx), silicon
oxynitride (SiON), etc.

The gate electrode 140 may be disposed on the first
insulation layer 115 on which the second insulation pattern
130 is disposed. A first portion of the gate electrode 140 may
overlap the first insulation layer 115, and a second portion of
the gate electrode 140 may overlap both the first insulation
layer 115 and the second insulation pattern 130.

The inorganic insulation layer 150 may be disposed on the
base substrate 100 on which the gate eclectrode 140 is
disposed. The inorganic insulation layer 150 may cover the
gate electrode 140.

A second contact hole CNT2 may be defined in the
inorganic insulation layer 150 and the first insulation layer
115. The source electrode 161 may be electrically connected
to the semiconductor pattern 110 through the second contact
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hole CNT2 (refer to FIG. 4E) penetrating the inorganic
insulation layer 150 and the first insulation layer 115.

A first contact hole CNT1 may be defined in the insulation
layer 150, the second insulation pattern 130 and the first
insulation layer 115. The drain electrode 163 may be elec-
trically connected to the semiconductor pattern 110 through
the first contact hole CNT1 (refer to FIG. 4E) penetrating the
inorganic insulation layer 150, the second insulation pattern
130 and the first insulation layer 115. The drain electrode
163 may include, for example, the same material as the
source electrode 161. In the illustrated exemplary embodi-
ment, a depth of the first contact hole CNT1 taken in the
cross-sectional direction may be larger than a depth of the
second contact hole CNT2 in the cross-sectional direction.
The depths may be taken from a common surface, such as
an upper surface of the semiconductor pattern 110.

As mentioned above, the second insulation pattern 130
may be disposed in a drain region of the thin film transistor
170, and the first contact hole CNT1 in the drain region may
be deeper than the second contact hole CNT2 in the source
region, thereby reducing a hot carrier through a short chan-
nel layer. Accordingly, reliability of the thin film transistor
170 may increase.

The organic insulation layer 175 may be disposed on the
base substrate 100 on which the source electrode 161 and the
drain electrode 163 are disposed. The organic insulation
layer 175 may cover the source electrode 161 and the drain
electrode 163. The organic insulation layer 175 may have a
substantially flat surface.

The organic light emitting structure 190 may include a
first electrode 181, an intermediate layer 185 and a second
electrode 187. A pixel defining layer 183 may be disposed on
the organic insulation layer 175 on which the first electrode
layer 181 is disposed.

The first electrode 181 may be disposed on the base
substrate 100 on which the organic insulation layer 175 is
disposed. A third contact hole may be defined in the organic
insulation layer 175. The first electrode 181 may be electri-
cally connected to the drain electrode 163 through the third
contact hole penetrating the organic insulation layer 175.
The first electrode 181 may include, for example, a trans-
parent electrode, a transreflective electrode, etc. In one
exemplary embodiment, for example, the first electrode 181
may include IZO, ITO, zinc oxide (ZnOx), tin oxide (SnOx),
etc.

The pixel defining layer 183 may be disposed on the
organic insulation layer 175 on which the first electrode 181
is disposed. The pixel defining layer 183 may partially
overlap both end portions of the first electrode 181. An
opening may be defined in the pixel defining layer 183 and
exposes the first electrode 181.

The intermediate layer 185 may be disposed on the first
electrode 181. The intermediate layer 185 may include a
HIL, a HTL, an EML, an ETL and an EIL. The first electrode
181 may provide the HIL. and HTL with positive holes. The
second electrode 187 may provide the ETL and EIL with
electrons. The positive holes and the electrons may be
coupled in the EML to generate light having a desired
wavelength.

The second electrode 187 may be disposed on the inter-
mediate layer 185 and in the opening of the pixel defining
layer 183. The second electrode 187 may also overlap the
pixel defining layer 183, that is, portions of the pixel
defining layer 183 which define the opening therein. The
second electrode 187 may include, for example, the same
material as the first electrode 181.
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FIGS. 4A to 4H are cross-sectional views illustrating an
exemplary embodiment of a method of manufacturing the
display device of FIG. 3.

Referring to FIG. 4A, a semiconductor pattern 110 may be
formed on a base substrate 100. The semiconductor pattern
110 may include, for example, amorphous silicon, polycrys-
talline silicon, etc.

Referring to FIG. 4B, a first insulation layer 115 may be
formed on the base substrate 100 including the semiconduc-
tor pattern 110 thereon. A second insulation pattern 130 may
be formed on the first insulation layer 115. The second
insulation pattern 130 may overlap a first end portion of the
semiconductor pattern 110.

The first insulation layer 115 may include a material
having a high dielectric constant. In one exemplary embodi-
ment, for example, the first insulation layer 115 may include
a material having a dielectric constant greater than about 10.
In an exemplary embodiment, for example, the first insula-
tion layer 115 may include zirconium oxide (Zr02), hatnium
oxide (HfO2), titanium oxide (TiO2), aluminum oxide
(A1203), etc.

The second insulation pattern 130 may include an inor-
ganic material. In one exemplary embodiment, for example,
the second insulation pattern 130 may include silicon oxide
(8i0x), silicon nitride (SiNx), silicon oxynitride (SION), etc.

Referring to FIG. 4C and FIG. 4D, a gate electrode 140
may be formed on the base substrate 100 including the
second insulation pattern 130 thereon. An inorganic insula-
tion layer 150 may be formed on the gate electrode 140. A
first portion of the gate electrode 140 may overlap the first
insulation layer 115. A second portion of the gate electrode
140 may overlap both the first insulation layer 115 and the
second insulation pattern 130. The inorganic insulation layer
150 may entirely cover the second insulation pattern 130 and
the gate electrode 140. The inorganic insulation layer 150
may include, for example, silicon oxide (SiOx), silicon
nitride (SiNx), etc.

Referring to FIG. 4E and FIG. 4F, a first contact hole
CNT1 and a second contact hole CNT2 each penetrating the
inorganic insulation layer 150, the second insulation pattern
130 and/or the first insulation layer 115 are formed. A drain
electrode 163 and a source electrode 161 may be electrically
connected to the semiconductor pattern 110 through the first
contact hole CNT1 and the second contact hole CNT2,
respectively. An organic insulation layer 175 may be formed
on the base substrate 100 including the source electrode 161
and the drain electrode 163 thereon. The drain electrode 163
may be electrically connected to a first end portion of the
semiconductor pattern 110 through the first contact hole
CNT1 which penetrates the inorganic insulation layer 150,
the second insulation pattern 130 and the first insulation
layer 115. The source electrode 161 may be electrically
connected to a second end portion of the semiconductor
pattern 110 through the second contact hole CNT2 which
penetrates the inorganic insulation layer 150 and the first
insulation layer 115. A depth of the first contact hole CNT1
may be substantially greater than a depth of the second
contact hole CNT2.

Referring to FIG. 4G, a third contact hole partially
exposing the drain electrode 163 may be formed in the
organic insulation layer 175, and a first electrode 181 may be
formed in the third contact hole to contact an exposed
portion of the drain electrode 163. The first electrode 181
may include, for example, IZO, ITO, zinc oxide (ZnOx), tin
oxide (SnOx), etc.

Referring to FIG. 4H, a pixel defining layer 183, an
intermediate layer 185 and a second electrode 187 may be
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formed on the base substrate 100 including the first electrode
181 thereon. The intermediate layer 185 may include a HIL,
a HTL, an EML, an ETL and an EIL. The second electrode
187 may include, for example, the same material as the first
electrode 181.

As mentioned above, according to one or more exemplary
embodiment of the thin film transistor substrate, the display
device having the same, and the method of manufacturing
the same, the first insulation layer 115 having a relatively
high dielectric constant may be disposed on the semicon-
ductor pattern 110, thereby improving dispersion of electri-
cal characteristics of the thin film transistor 170 including
the semiconductor pattern 110.

Also, the second insulation pattern 130 may be disposed
in a drain region of the thin film transistor 170, and the first
contact hole CNT1 in the drain region may be deeper than
the second contact hole CNT2 in a source region, thereby
reducing a hot carrier due to a short channel layer. Accord-
ingly, reliability of the thin film transistor 170 may be
improved.

The foregoing is illustrative of exemplary embodiments
and is not to be construed as limiting thereof. Although a few
exemplary embodiments have been described, those skilled
in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of the
invention. Accordingly, all such modifications are intended
to be included within the scope of the invention as defined
in the claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of various exemplary
embodiments and is not to be construed as limited to the
specific exemplary embodiments disclosed, and that modi-
fications to the disclosed exemplary embodiments, as well as
other exemplary embodiments, are intended to be included
within the scope of the appended claims.

What is claimed is:
1. A method of manufacturing a thin film transistor
substrate, comprising:

sequentially forming a semiconductor layer, a first insu-
lation layer and a second insulation layer, on a base
substrate;

forming a first photoresist pattern on the second insulation
layer and having a first thickness portion, and a second
thickness portion thinner than the first thickness por-
tion;

removing exposed portions of the second insulation layer,
the first insulation layer and the semiconductor layer
using the first photoresist pattern as a mask, to form an
intermediate insulation pattern, a first insulation pattern
and a semiconductor pattern from the second insulation
layer, the first insulation layer and the semiconductor
layer, respectively;

reducing an entirety of the first photoresist pattern by a
thickness of the second thickness portion, to form a
second photoresist pattern having a third thickness and
expose a portion of the intermediate insulation pattern;

removing the exposed portion of the intermediate insula-
tion pattern using the second photoresist pattern as a
mask, to form a second insulation pattern from the
intermediate insulation pattern; and

forming a gate electrode on and overlapping both the first
insulation pattern and the second insulation pattern.
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2. The method of claim 1, wherein the first insulation
pattern comprises a material having a dielectric constant
greater than about 10.

3. The method of claim 1, further comprising:

forming an inorganic insulation layer on the base sub- 5

strate comprising the gate electrode thereon;

forming a first contact hole penetrating the inorganic

insulation layer, the second insulation pattern and the
first insulation pattern, to partially expose a first end
portion of the semiconductor pattern, and forming a 10
second contact hole penetrating the inorganic insula-
tion layer and the first insulation pattern, to partially
expose a second end portion of the semiconductor
pattern; and

forming a drain electrode electrically connected to the 15

first end portion of the semiconductor pattern through
the first contact hole, and forming a source electrode
electrically connected to the second end portion of the
semiconductor pattern through the second contact hole.

#* #* #* #* #* 20



